The protein product of T4 gene 63 catalyzes both the attachment of tail fibers to fiberless phage particles and the ligation of single-stranded RNA (Snopek et al., Proc. Natl. Acad. Sci. U.S. A. 74:3355-3359, 1977). To investigate whether the gene 63 product has a role in nucleotide metabolism, we isolated false revertants of amM69 in gene 63. We screened for revertants that could grow at 300C but not at 430C on Escherichia coli OK305 when nucleotides were limiting. These false revertants contained the original mutation in gene 63 and new suppressor mutations. Some of these suppressor mutations caused temperature sensitivity by themselves, allowing single mutants carrying the suppressor to be recognized and isolated. The results of mapping and complementation studies indicated that most of these ts suppressors were in the t gene (lysis), one was in gene 5 (baseplate), and one was in gene 18 (sheath). The mutation in gene 18, tsDH638, suppressed three different amber mutations in gene 63 but did not suppress amber mutations in several other genes. None of the suppressors that were characterized were in genes with known functions in nucleotide metabolism. However, an intriguing property of these false revertants was that they were very sensitive to hydroxyurea, an inhibitor of nucleotide metabolism.
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The protein product of T4 gene 63 catalyzes the last step in phage morphogenesis, the attachment of tail fibers to otherwise complete phage particles (18, 19) . As many as six tail fibers are attached to each tail baseplate by a noncovalent association, and the gene 63 protein does not become part of the structure (16, 18) . Phage with as few as three or four fibers are infectious. This attachment of tail fibers occurs spontaneously (i.e., in the absence of the gene 63 protein) in infected cells at a rate sufficient to produce about 10 infectious phage per cell in a normal infection (18, 19 (Fig. 1) .
Although tsDH638 does not suppress amber mutations in genes other than 63, it does suppress two other amber mutations (ammnl3 and ammnl5.6) in gene 63. The ts-am doubles were constructed, and they formed plaques with a high efficiency on OK305 on S+CR medium. Therefore tsDH638 and, probably, the other suppressors are not mutation-specific but genespecific suppressors that allow T4 growth in E.
coli OK305 in the absence of the gene 63 product.
Growth studies. None of these mutations suppressed amM69. One of the mutations, tsB49, is in gene 5, and the results with it are shown in Table 4 . The other two mutations, h49 in gene 8 and hD7 in gene 10, gave results similar to tsB49.
DISCUSSION
We have described the isolation and characterization of ts suppressors of mutations in gene 63. These suppressor mutations allow bypass of gene 63 function in E. coli OK305 and are in genes t (lysis), 5 (baseplate), and 18 (sheath). The suppressors were studied in hopes of finding evidence for a role of the gene 63 product in nucleotide metabolism. However, none of the suppressor mutations are in genes with known functions in nucleotide metabolism. Also, the genes that the suppressors do affect do not have functions with any obvious relation to the RNA Josslin (10) . The mechanism of suppression for these suppressors would appear to be somewhat trivial. Mutants carrying mutations at different sites in the t gene show delayed lysis and in some cases much higher than normal burst sizes when lysis does occur (10) . Given more time and possibly a higher concentration of tail fibers or fiberless phage particles or both, it seems likely that the normal spontaneous fiber attachment would produce more infectious phage per cell. This mechanism of suppression would be consistent with the finding that the suppressors in the t gene are at different sites and occur at a relatively high frequency.
The mechanism of suppression for the other two mutations, one in gene 5 and one in gene 18, is more complex. One possible mechanism is that fewer phage particles are made per cell and therefore each has a higher probability of having enough fibers attached spontaneously to be infectious. This is the "balance of assembly processes" mechanism suggested by Floor (6) . This seems unlikely because both the tsDH6318 (gene 5) and the tsDH638 (gene 18) single mutants have a burst size similar to that for wild-type T4. A second possibility is that altered phage are made which are infectious with fewer tail fibers than normal. This seems reasonable because the gene 5 product is in the tail baseplate and the gene 18 product is the major tail sheath protein (11) . However, this does not seem to be 'the mechanism, because we have tested three mutants, one of which is defective in gene 5, known to be infectious with fewer fibers, and none of these suppresses amM69 in gene 63. A third possible mechanism is that altered phage are made which have a higher than normal rate of spontaneous addition of tail fibers. This also seems reasonable because genes 5 and 18 do affect the structure of the tail and an altered tail structure could affect the rate of tail fiber attachment. The observation that, of the muta-tions tested, only those at one site in each gene will bypass the need for the gene 63 product indicates that only specific changes in the gene 5 product or the gene 18 product can produce this result. The alterations in tail structure produced by these changes are probably in the baseplate where tail fibers become attached, but they also could involve the phage whiskers, which are required for efficient tail fiber attachment (17) . The whiskers are filaments that extend outward from the top of the tail and that appear to help position the tail fibers for attachment (17) .
The third mechanism of suppression seems the most likely by a process of elimination, but there is no direct evidence for it. In a related study by Bishop and Wood (2) , it was found that a mutation in gene 37 allows bypass of the need for the gene 38 product. They suggest that the protein coded by gene 38 normally promotes the dimerization of the protein coded by gene 37 in tail fiber assembly and that specific mutations in gene 37 which promote spontaneous dimerization would eliminate the need for the gene 38 protein. This mechanism would be quite analogous to the one we have suggested above.
